INTRODUCTION
The sub-Antarctic islands lie isolated from continental landmasses in the Southern Ocean. In a terrestrial biological context, a core group of sub-Antarctic islands is often recognised, unifi ed by general similarities in climate and the presence or absence of certain groups of fl ora or fauna (Selkirk 2007) . This core group includes South Georgia, the Prince Edward Islands, Iles Kerguelen, Archipel Crozet, Heard and McDonald Islands, and Macquarie Island. These islands lie close to the oceanic Antarctic Polar Frontal Zone, and typically have cold, cloudy and windy climates, with limited temperature variation year-round (Smith 1984 , Convey 1996 , 2007a , Pendlebury & Barnes-Keoghan 2007 . Only rwo islands (South Georgia and Heard Island) are heavily glaciated today, with Iles Kerguelen also having glaciers and an icecap in its western part. Many of these islands are currently impacted by contemporary trends of climate change (Convey 2007a , Pendlebury & Barnes-Keoghan 2007 , le Roux 2008 , but such impacts lie outside the scope of the current paper. The anthropogenic factors underlying current global environmental change are generally accepted to have commenced during the Industrial Revolution of the nineteenth century, and their impacts have accelerated since the second half of the twentieth century. There appears to be no suggestion of detectable impacts of this process during the earlier phases of occupation and exploitation of the sub-Antarctic islands in the nineteenth and fi rst half of the twentieth centuries (e.g., for South Georgia see fi g. 4 in Cook et al. unpubl ., based on data extracted from Turner et al. 2004) , although this may be largely because few appropriate research or monitoring data sets exist from this period.
A range of other islands, both south and north of this core group, are also referred to in some literature as sub-or peri-Antarctic. These include the South Sandwich, South Orkney and South Shetland archipelagos along the Scotia arc, properly forming part of the maritime Antarctic terrestrial biogeographic zone (Smith 1984 , Convey 2007b , and the cool temperate Diego Ramirez Island (Chile), Ile Amsterdam and Ile Saint-Paul in the Indian Ocean, the Tristan da Cunha group and Gough Island in the Atlantic Ocean, and the "New Zealand shelf islands" (Antipodes, Campbell, Auckland, Bounty). The maritime Antarctic archipelagos have much reduced fl oral and invertebrate diversity, while the cool temperate islands differ from the "core" sub-Antarctic grouping primarily in the inclusion of signifi cant stands of woody plants in their flora, but share with them the development of a "megaherb" fl ora and the lack of native terrestrial mammals. As these islands have many similarities in their history of human discovery, occupation and exploitation, all are included, where appropriate, amongst the information presented in this paper.
Sub-Antarctic fl oras and faunas typically do not include many taxonomic and functional groups familiar from lower latitudes. Plant communities, except on the more northern islands not included in the core sub-Antarctic grouping, do not include woody plants or species requiring insect pollination (Convey et al. 2006a) . Megaherbs, often endemic to particular islands, are a dominant feature of many communities, whose evolution is linked with the absence of native vertebrate herbivores (Meurk et al. 1994 , Mitchell et al. 1999 , Convey 2007a . There are no native land mammals, reptiles or amphibians and very few non marine birds. A large element of the global profi le of the sub-Antarctic islands is generated by their hosting significant populations of "charismatic" marine vertebrates (seals, penguins, albatrosses, petrels, etc; Woehler et al. 2001) . Their native terrestrial faunas comprise primarily arthropods (mites, springtails, spiders, beetles, flies and moths, with smaller representation of some other insect groups), and tardigrades, nematodes, rotifers, enchytraeids, earthworms and molluscs (Gressitt 1970 , Greenslade 2006 , Convey 2007a . There are no large invertebrate predators, and predation is likely to be an insignificant ecological pressure in indigenous communities. While detritivores appear to numerically dominate these invertebrate communities, decay processes are slow (Slabber & Chown 2002) .
Sub-Antarctic terrestrial ecosystems are simple in comparison with most ecosystems globally, and are thought to lack functional redundancy. This raises the possibility of new colonists (whether arriving by natural means or with human assistance) occupying new ecological niches, which could fundamentally change the structure and function of trophic webs. Indigenous sub-Antarctic species and communities appear to be particularly vulnerable to invading predators and species with higher competitive abilities (Frenot et al 2005 , 2008 , Convey et al. 2006b ).
DISCOVERY AND EXPLOITATION

Initial exploitation
The first sightings of some of the more northern islands were made during the sixteenth and seventeenth centuries. These sightings, however, did not result in landings, repeat visits, or establishment of settlements or industrial activity. For instance, there are no further sightings of South Georgia known between that of 1675 and Cook's visit in 1775 (Headland 1984) and, while Ile Amsterdam was discovered in 1522 by S. Del Carro on one of Magellan's ships, the first known landing is attributed toW de Vlaming in 1696 (Lebouvier & Frenot 2007) . The majority of islands were discovered between the latter part of the eighteenth and the early nineteenth centuries (table 1) . There is archaeological evidence on Auckland Island of earlier (c. 1200) Polynesian discovery and, possibly, settlement (Anderson 2006 , 2009 .
The primary focus of those who discovered all of the sub-Antarctic islands lay with territorial and economic gain (table 1). In this context the rich marine vertebrate life of the Southern Ocean and its constituent islands was and Auckland islands (see also Townrow 1988) .
As demand for oil increased throughout the nineteenth century, the whaling industry first in the Northern Hemisphere and then in the south. Al first the smaller whales (Southern Right Eubalaena australis (Desmoulins, 1822) and Humpback \Y/hale, Megaptera (Borowski, 1781)) were captured but, with the invention of the harpoon gun with its explosive head in 1864 the larger rorquals could be hunted. By the early twentieth century, the construction of shore-based whaling stations on some sub-and peri-Antarctic islands (eo g., South Georgia, lies Kerguelen, Signy Island, Deception Island, Falkland Islands) as well as the southern continents, taking advantage of high local densities of whales, led to the rapid and again uncontrolled exploitation of the stocks of great whales. Towards the end of the whaling period the entire whale was processed and rendered down while, as whales became rarer, the emphasis shifted to the development of pelagic whaling and processing at sea, heralding the closure of land-based whaling stations. Ihe larger species were exhausted first, with over-exploitation progressively moving to smaller species (see Basberg (2004) and Hart (2006) for a history of the whaling industry on Somh Georgia and in the South Atlantic Falldand Islands Dependencies).
Farming
The inclement and cold climate of most sub-Antarctic islands precluded the possibility of the establishment of economically viable onshore farming industries, and no exploitation of terrestrial biological or geological resources has taken place other than the use of various marine birds for food for station staff, and the industrial-scale collection of penguins for use as fuel in whale and seal oil digesters. However, on the more northern islands (Ile Amsterdam and the New Zealand shelf islands), as well as on Iles Kerguelen, there were concerted attempts at the establishment oflivestock (Domestic Cattle, Bos taurus Linnaeus, 1758, sheep, Ovis aries Linnaeus, 1758), and there were occasional and unsuccessful attempts at crop cultivation on some of the New Zealand islands (table l)o In some instances livestock were effectively kept to a restricted area (e.g., paddock, ofEhore island), while in others they were simply allowed to roam free. Other vertebrates were deliberately introduced, at least as human commensal/ companion animals, to most islands where long-term settlements were established (including industrial operations and, towards the end of the period under review, scientific research stations) ( 
Inadvertent introductions
An associated impact of the requirements to support these livestock, and supply the human community, was the import of animal fodder, human foodstuffs and vast quantities of general cargo. Although the risks and possible consequences were not appreciated at the time, inevitably this led to the import and subsequent establishment of a wide range of non-indigenous terrestrial invertebrates and plants. Even today it remains virtually impossible to detect the majority of such introduction events as they occur. 1hus it is not surprising that there is no documentation or study of these non-indigenous species and their impacts prior to the mid-twentieth century. It seems likely that many of the c. 200 non-indigenous species known to be established on the core sub-Antarctic islands (a figure itself likely to be a very conservative estimate of true numbers; Frenot et al. 2005) were introduced in this period rather than during the subsequent upsurge in research and tourism interest in the region since c. 1950 and 1980 respectively. However, Frenot et al. (2001) also document an increase in the rate of known introduction evenrs after the establishment of research stations on the French sub-Antarctic islands in the 1950s and 1960s. Gressitt (1970) reports the presence of the majority of non-indigenous species known today on South Georgia in studies carried out during the l 960s.
Small-scale cultivation of vegetable crops for domestic use in "garden" areas and greenhouses has also been a feature of communities on various sub-Antarctic islands, and subsequently on several ~Antarctic research stations, most of which were established after the period under consideration. This activity is again closely associated with the introduction and establishment of non-indigenous invertebrate and plant species (Greenslade 1987 , Frenot et al. 2005 , 2008 , Convey et al. 2006b , de Villiers & Cooper 2008 Dogs (1919 Dogs ( , 1957 Dogs ( , 1962 , Poultry (1956 Poultry ( , 1971 :j: Goats (1958 Goats ( -1959 , Sheep (1956 Sheep ( -1963 Mice (1900s) (1958, 1961, 1979) Brook Charr ( 1961) Arctic Charr Salvelinus alpinus (Linnaeus, 1758) (1990) Adantic Salmon Salmo salar Linnaeus, 1758 Linnaeus, (1975 Linnaeus, -1980 Coho Salmon Onchorhynchus kisutch Walbaum, 1792 Walbaum, (1978 Environrnerltaf and hurnan (Berkenhout, 1769) ), a risk that occurs to the present day.
CONSEQUENCES
Infrastructure
The sealing, whaling and subsequent fishing industries exploited resources in the marine environment, causing drastic and possibly irreversible alterations to the Southern Ocean ecosystem (Trathan & Reid 2009 ). The infrastructure requirements of the former two industries on land and at the coast were in some cases considerable and, likewise, would have had drastic impacts on local terrestrial ecosystems. Taking the whaling industry on South Georgia as an example, at its height in the early twentieth century, seven shore-based stations operated in different bays on the more sheltered northeast coast of the island ( fig. 1 ). Although three of these were closed down quite rapidly (Prince Olav Harbour, Ocean Harbour, Godthul), the remaining four larger stations operated until the 1960s, and three derelict and unmaintained stations remain today (Husvik, Stromness, Leith) with only Grytviken having been partially preserved (pl. la-c). These stations were built and operated before the development of today's climate of environmental awareness, and thus were not subject to baseline environmental data collection, environmental impact assessment or ongoing monitoring of impacts. However, they were clearly major industrial sites, occupying a large proportion of the available valley floor areas, and would inevitably have led to the complete destruction of large areas of the preexisting terrestrial ecosystem within their coastal and valley locations, which would previously have provided the major contribution in terms of area of well-developed terrestrial ecosystems on the island. Construction and operation of the stations involved the import of all materials required for infrastructure, and would also have generated considerable levels of industrial pollution (pl. 1 d), both from the station itself, and the large fleets of whale and seal catching vessels operating from them (indeed, some stations even had the capacity to construct and repair such vessels). After the stations were abandoned in the 1960s, with no cleanup or removal of hazardous material, they were essentially left derelict and at the mercy of the prevailing weather. Under pressure from the increasing tourism industry, the station at Grytviken was partially preserved and made safe for visitors in the early 2000s (see also that contaminated with asbestos) had to be buried on site. lbe remaining three larger stations have not been subject to cleanup and preservation, and are currently classified as unsafe and closed to visitors by the Government of South Georgia and the South Sandwich Islands, although they are not secured and debris continues to be dispersed into the local environment, and both marine mammals, birds and introduced vertebrates (Reindeer, Brown Rats) regularly pass through and even establish breeding colonies within the stations.
Human presence inevitably involves requirements for movement and transport, and a network of paths and larger tracks quickly developed within, awund and between sites of industrial exploitation and, subsequently, scientific research stations, research sites and field huts. Today, rhcse track networks are known to have twin in terms of being both conduits for the dispersal of non-indigenous species (with propagules carried on, for example, footwear and clothing) (Whinam et al. 2005, Frenot Transfer of marine biomass and nutrients to the land ]he major harvesting industries of sealing and whaling would also have resulted in a considerable, but entirelyunquantified, alteration of nutrient flows between the marine and terrestrial environments. The scale of harvesting involved was massive, including, for instance, the almost complete removal of the population of several million Antarctic Fur Seals, Arctocephalus gazella (Peters, 1875), from South Georgia, and the production of c.l 00 000 barrels of oil from Southern Elephant Seals, on Heard Island. On South Georgia over 175 000 whales were processed between 1904 and 1966 (Hart 2006 , with a further SS 000 being processed using factory ships and the shore station on Deception Island in the South Shetland Islands and Graham Land (northern Antarctic Peninsula, , c. 7000 in the South Orkney Islands and c. 3000 in the South Sandwich Islands (1911/12 and 1927-l 931) (Hart 2006) . This level of harvesting resulted in the production of large quantities of unwanted carrion, which was simply dumped onshore or in the nearshore marine environment. 'Ihe "waste" biomass associated with the onshore whale processing industry and factory ships located close to shore vvou1d probably have had the greatest impact locally, especially during the early years of the onshore processing industry when only the most valuable oil products were obtained --the density of whale bones on beaches of South Georgia bears witness to this. The transfer of marine biomass onto the land must have resulted in considerable fertilisation of coastal terrestrial habitats, while also providing a major food source for scavenging species of bird, and some native invertebrates, whose population dynamics would inevitably have been altered and that would also have distributed the nutrients more widely in the terrestrial environment. The reduction in fur seal and Southern Elephant Seal numbers, and also penguins at locations where they were exploited for oil or as fuel for the processing of whale and seal oil, may have partially countered this effect on a local through a reduction in manuring or guano input to terrestrial ecosystems. However, this reduction would also have resulted in much reduced levels of trampling of terrestrial habitats by these seals, which may paradoxically Exploitation of the resources of the Southern Ocean marine environmenr continues in the form of various fisheries (fish, squid, krill, spide1 (Trathan & Reid 2009 ). Other thJn through seabird one of 'Nhose associated impacts will be a reduction in transfer of marinederived nutrients to the terrestrial environment. "lhese do not involve the level of contact with the land as did the sealing and whaling industries. 'TI1e primary risk is now that of shipwreck, as has occurred on several occasions in recent years, and particularly the risk of rodents thereby being introduced to areas that are currently rodent-free. Rather, the prime areas of interaction between humans and the sub-Antarctic terrestrial environment today take the forms of governmemai scientific research activities and ecotourism. Together, these bring tens of thousands of individuals into the region each year, and considerable attention is now being given to identifYing and minimising the risks associated with these activities to the sub-ltntarctic and Antarctic environments et al. 2008 , 2008 , Tin et al. 2009 , Whinam 2009 
